Background and objectives The Statewide Sharing variance to the national kidney allocation policy allocates kidneys not used within the procuring donor service area (DSA), first within the state, before the kidneys are offered regionally and nationally. Tennessee and Florida implemented this variance. Known geographic differences exist between the 58 DSAs, in direct violation of the Final Rule stipulated by the US Department of Health and Human Services. This study examined the effect of Statewide Sharing on geographic allocation disparity over time between DSAs within Tennessee and Florida and compared them with geographic disparity between the DSAs within a state for all states with more than one DSA (California, New York, North Carolina, Ohio, Pennsylvania, Texas, and Wisconsin).
Introduction
Kidney transplantation is an effective treatment for patients with ESRD. In 2011, nearly 17,000 kidney transplants were performed in the United States, but 94,000 patients remained on the waiting list (1, 2) . This discrepancy has led to an increase in waiting time to kidney transplantation from 3.3 years in 2000 to 4.72 years by 2009, increasing the cumulative time on dialysis and the mortality rate while awaiting a transplant (3) (4) (5) . Furthermore, there is disparity in waiting time for a kidney transplant depending on where a patient is located geographically. This violates the "Final Rule," a mandate by the US Department of Health and Human Services from 1998 stipulating that the allocation of kidneys within the United States achieve geographic parity for all waitlisted patients (3,4 , 6). The current United Network for Organ Sharing (UNOS) kidney allocation system allocates a procured kidney to the procuring donor service area (DSA) before regional and national allocation. Several strategies to reduce geographic disparities have been proposed (7) (8) (9) (10) (11) . A variance called Statewide Sharing was granted by UNOS to Tennessee (entailing two DSAs) in November 1992 and to Florida (entailing four DSAs) in June 1991 (12) . Statewide Sharing first offers a procured kidney to the procuring DSA but then allocates the kidney to the other DSAs within the state before regional and national allocation (12) . As UNOS considers new allocation policies, understanding the effects of implementation of Statewide Sharing on geographic disparity may be instructive. Therefore, we analyzed those effects on the geographic allocation disparity between the DSAs within Tennessee and Florida over time and compared them with findings in states that followed the national UNOS allocation policy instead.
Materials and Methods
Geographic disparity between DSAs was analyzed for all states that entail more than one complete DSA. These states included California, Florida, North Carolina, New York, Ohio, Pennsylvania, Tennessee, Texas, and Wisconsin. States with fewer than two complete DSAs were excluded from the analysis because two or more DSAs are needed to assess disparity.
Data Sources
After approval by the Northwestern University Institutional Review Board, data were obtained from the Organ Procurement and Transplant Network Standard Transplant Analysis and Research for adult (.18 years) kidney transplant candidates and deceased-donor kidney transplant recipients. The primary cohort includes all transplant recipients who received a deceased-donor kidney transplant during the study period . Two additional cohorts were included to test the robustness of our conclusions. One adjusted for transplant kidney quality using the Kidney Donor Risk Index (KDRI) by ensuring an equal percentage of randomly selected waitlisted patients in all DSAs in the following four subgroups: KDRI scores of 0-0.75, 0.76-1.5, 1.6-2.25, and .2.25. The other cohort, referred to as the additional exclusion cohort, excluded paybacks, and no HLA mismatch kidney candidates in the analysis.
Geographic disparity was measured by five indicators that have previously been identified in the transplant literature as suitable indicators of geographic allocation disparity: (1) mean transplant rate, (2) median waiting time, (3) median cumulative time on dialysis, (4) 5-year graft survival, and (5) cold ischemic time (CIT) as an indicator of allocation efficiency (13) (14) (15) (16) (17) . The annual transplant rate was calculated as the mean number of transplant candidates per transplant. The waiting time to transplant was calculated for each recipient, and the median was calculated for each DSA. For all nonpreemptive kidney transplant recipients, the time on dialysis was calculated as the time between onset of dialysis and transplantation, and the median cumulative time on dialysis was calculated for each DSA. Five-year graft survival was calculated using unadjusted Kaplan-Meier analysis.
Statistical Analyses
The five disparity indicators (hereafter referred to as the allocation disparity indicators) were assessed from 1987 to 2009. Furthermore, comparative analysis was performed between the 5-year time period preceding the Statewide Sharing variance (1987) (1988) (1989) (1990) (1991) and the time period afterward (1992-2009) using time-series analyses. In addition, Tennessee was compared with the three other states that entail two complete DSAs (North Carolina, Pennsylvania, Wisconsin), and Florida was compared with the three other states that entail four DSAs (California, New York, Ohio).
Data were summarized using descriptive statistics (mean, median, SD, frequency, and proportions). Chi-squared tests were used to compare for significant differences across transplant recipient populations in the four respective states (Tennessee, North Carolina, Pennsylvania, and Wisconsin; Florida, California, New York, and Ohio) ( Table 1) . Significant differences in 5-year graft survival before and after the variance were studied by comparing hazard ratios from a multivariable Cox regression model, adjusted for transplant recipient characteristics, listed in Table 1 . Significant differences in the geographic allocation disparity indicators before and recently after Statewide Sharing implementation (Table  2) were tested using chi-squared tests, t tests, and Wilcoxon two-sample tests. All analyses were conducted using SAS software, version 9.3 (SAS Institute, Cary, NC).
Allocation Disparity Ratio. The magnitude of change for each geographic allocation disparity indicator before and after Statewide Sharing within a state was calculated as an allocation disparity ratio. The ratio is calculated between the highest and the lowest values for each disparity indicator among the DSAs in a given state. An allocation disparity ratio of 1.0 suggests that there is no geographic disparity between the DSAs within the state, while a rising disparity ratio (.1.0) indicates more geographic disparity.
Time-series models comparing changes in the allocation disparity ratios among the states pre-and post-Statewide Sharing were estimated for Tennessee and Florida. The following equation presents the statistical model: CIT. The change in mean CIT for kidneys procured and used for kidney transplantation anywhere in the United States over time was calculated and used as a proxy for allocation efficiency, with shorter CIT suggesting greater allocation efficiency.
Results
The following numbers of patients were included: 92,711 in the primary cohort, 68,365 in the KDRI-controlled cohort, and 77,003 in the additional exclusions cohort. Table 1 presents demographic and patient characteristics of the primary cohort by state. Supplemental Tables A1 and  A2 provide the number of patients in each DSA for all cohorts and a detailed outline of the KDRI-controlled cohort. Kidney transplant recipients in Tennessee were less likely to be older than age 65 years, Hispanic, or Asian; less likely to be experiencing glomerulosclerosis; and more likely to experience hypertension compared with transplant recipients in North Carolina, Pennsylvania, and Wisconsin. Transplant recipients in Florida were significantly more likely to have hypertension, to be Medicare insured (but not Medicaid insured), and be listed preemptively for transplant than recipients in California, New York, and Ohio. After implementation of Statewide Sharing, Tennessee and Florida had significantly less variation in the disparity ratios (see Figure 2 for Tennessee compared with North Carolina, Pennsylvania and Wisconsin and Figure 3 for Florida compared with California, New York, and Ohio). States that did not implement Statewide Sharing had limited decrease or even an increase in their disparity ratios over time. Table 2 illustrates a comparative analysis of the geographic disparity before (1987) (1988) (1989) (1990) (1991) . Geographic disparity is measured for four disparity indicators (transplant rate, waiting time, dialysis time, and 5-year graft survival) using an allocation disparity ratio. Geographic disparity improves as the allocation disparity ratio nears 1.0. A disparity ratio of 1.0 suggests that there is no geographic disparity between DSAs within a state. Panel E illustrates allocation efficiency by demonstrating the drop in cold ischemic time (CIT) difference between locally transplanted kidneys and those transplanted statewide. DSA, donor service area.
indicating that both states had a decrease in disparity relative to other states since implementation of the variance.
Waiting Time. The disparity ratio of waiting time at transplantation developed to 1.11 in Tennessee, 2.49 in North Carolina, 1.53 in Pennsylvania, and 2.46 in Wisconsin. All states except Pennsylvania had a significant annual change for the waiting time disparity ratio, with only Tennessee experiencing improved disparity over time. Similarly, the disparity ratio developed to 1.45 in Florida, 2.13 in California, 2.17 in New York, and 3.07 in Ohio. After Statewide Sharing, the change in waiting time disparity, b 5 , was statistically significant (P,0.05) and negative for Tennessee.
Time on Dialysis. The disparity ratio of cumulative time on dialysis before transplantation developed to 1.09 in Tennessee, 1.45 in North Carolina, 1.19 in Pennsylvania, and 1.50 in Wisconsin. Similarly, the disparity ratio developed to 1.25 in Florida, 1.60 in California, 2.27 in NY, and 1.71 in Ohio. After Statewide Sharing, b 5 was statistically significant (P,0.05) and negative for both Tennessee and Florida.
5-Year Graft Survival. The disparity ratio of 5-year graft survival developed to 1.03 in Tennessee, 1.07 in North Carolina, 1.14 in Pennsylvania, and 1.15 in Wisconsin. The disparity ratio developed to 1.04 in Florida compared with 1.09 in California, 1.21 in New York, and 1.13 in Ohio. After Statewide Sharing, neither Tennessee nor Florida experienced statistically significant decreases in disparity relative to other states (b 5 ,0; P.0.05).
CIT. CITs, as a proxy for allocation efficiency, are shown in Table 4 for each state in the time before and recently after implementation of Statewide Sharing (2005-2009). The CIT for Tennessee decreased by 7.5 hours, increased by 0.7 hour in North Carolina and 3.3 hours in Pennsylvania, and decreased by 1.1 hours in Wisconsin. It was reduced by 5.0 hours in Florida, increased by 3.9 hours in California, increased by 0.8 hour in New York, and increased by 2.7 in Ohio. Texas had a 1.7-hour reduction in CIT. Figure 4 illustrates the difference in CIT reduction between kidneys transplanted locally and those transplanted within their state. CIT differences in Tennessee and Florida dropped after implementation of Statewide Sharing and were significantly less than those in other states by 2009.
Kidney Retention
Kidney retention is summarized in Geographic disparity is measured for four disparity indicators (transplant rate, waiting time, dialysis time, and 5-year graft survival) using an allocation disparity ratio. Geographic disparity improves as the allocation disparity ratio nears 1.0. A disparity ratio of 1.0 suggests that there is no geographic disparity between DSAs within a state.
In Florida, kidneys procured in one of the four DSAs within Florida, transplanted outside of the procuring DSA but retained within Florida (i.e., state allocations) was stable (6.7% versus 6.8%) while local allocation within the procuring DSA increased significantly, from 52.9% to 70.6%. The percentage procured and retained in Florida (i.e., local and state allocations) increased after implementation of Statewide Sharing from 59.6% to 77.4%. The percentage procured within Florida and shared outside of Florida after implementation was 22.6%, compared with the other four-DSA states, where it was 20.7% in California, 18.5% in New York, and 26.6% in Ohio.
States with Three DSAs
Only Texas entails three DSAs. Texas did not implement the Statewide Sharing and over time the allocation disparity between the DSAs within Texas increased for transplant rate, waiting time to transplantation, and time on dialysis (Tables  2 and 3 ), but the difference in CIT between the three DSAs decreased by 1.7 hours (Table 4) . Over time, statewide retention of procured kidneys declined from 92.1% to 79.0%.
Adjusted Cohort Analysis
The geographic disparity is illustrated by disparity ratios in Table 5 for the KDRI Controlled and Primary cohorts.
For the KDRI controlled cohort, waiting time disparity improved significantly in Tennessee (P,0.05) relative to other states, and disparity in time on dialysis improved for both Tennessee and Florida relative to other states (P,0.05). Additional analysis adjusting for panel reactive antibodies, HLA (including zero HLA mismatch), and payback kidneys did not alter the findings (not reported).
Discussion
The two states that adopted the Statewide Sharing variance experienced significant reduction in allocation disparity while disparities in states that followed the national allocation policy worsened or showed inconsistent improvement between 1987 and 2009. We used five disparity indicators described in the transplant literature to assess geographic disparity (13) (14) (15) (16) (17) . While each indicator is compelling, we considered them all. Waiting time to transplant is the most commonly cited metric of geographic disparity (4, 14, 15) , but transplant rates were proposed by the Institute of Medicine as a superior metric (13) . If little disparity existed between the DSAs within a state, the disparity indicators would be similar across all DSAs; however, our data demonstrate otherwise.
Our study shows that the only sustained reductions in allocation disparities occurred in Tennessee and Florida, where kidneys not used within the procuring DSA were first allocated to other DSAs within the state before being allocated regionally and, then, nationally (12) . The strength of this analysis is that actual observations rather than predictive models were used.
After implementation of Statewide Sharing, Tennessee and Florida in-state kidney retention increased by 8.5% and 17.8%, respectively. More kidneys procured in Tennessee were allocated from the procuring DSA to a nonprocuring DSA in Tennessee for transplantation. In contrast, in Florida, more procured kidneys were transplanted locally within the DSA. The increase in retention of procured kidneys within Tennessee and Florida reduced the number of kidneys eligible for out-of-state kidney allocation and may raise concern that the implementation of Statewide Sharing reduced kidney retention within the procuring DSA (18) . However, Tennessee and Florida had the highest and second highest percentage of out-of-state kidney allocation compared with other two and four DSA states. Hence, Statewide Sharing did not disproportionately affect available kidneys to the other states.
Although our data demonstrate reduction in geographic allocation disparities, the reasons remain speculative. One might be the improved coordination of organ allocation between the DSAs within a state, as inter-DSA relationships are typically closer. The reduction in the initial allocation disparity was faster in Tennessee, which entails only two DSAs compared with Florida, which has four DSAs. The development of close relationships and streamlining of the allocation process between two DSAs probably occurs rapidly with fewer DSAs. Thus, further understanding of the effect of Statewide Sharing on the behavior of DSAs is necessary. Tennessee and Florida not only reduced the difference in CIT for locally versus statewide transplanted kidneys within their states but also significantly decreased CIT over time; in comparison, the other states increased their CIT over time or reduced their CIT to a much lesser extent. This is noteworthy because the introduction of statewide allocation before the regional and national allocation might introduce inefficiency and, therefore, might increase CIT. Our data, however, demonstrate that the implementation of Statewide Sharing did not occur at the cost of allocation efficiency.
It is also important to note that Tennessee and Florida are markedly different, beyond the fact that one state has only two DSAs and the other has four. Recipient demographic characteristics were also found to vary considerably across the states. This supports that the effect of Statewide Sharing on allocation disparity is independent of state and patient characteristics. In addition, recently presented patient-level analyses have demonstrated that the implementation of Statewide Sharing increased the rate of transplantation for highly sensitized patients (19, 20) .
Other attempts have been made to resolve the geographic disparities, in response to the 1998 Department of Health and Human Services Final Rule mandating geographic allocation equality (6) (7) (8) (9) (10) (11) . However, Statewide Sharing is the only UNOS policy variance for which actual evidence supports its ability to reduce geographic disparity. These findings are timely because UNOS engages in discussions to restructure and reorganize the kidney allocation system with a goal of reducing geographic disparities. Instead of more sweeping changes currently proposed to address geographic disparities (7) (8) (9) (10) (11) , local changes, such as Statewide Sharing, need to be considered, especially because more extensive changes, such as redefining regions, may have unintended consequences. The authors do not suggest that Statewide Sharing is a solution to the national problem of geographic disparity but rather that small changes to kidney allocation can decrease the geographic disparity that UNOS is poised to resolve.
These results and experiential evidence should supplement any policy discussion, especially because UNOS has tasked organ-specific allocation committees to define and develop metrics and strategies to reduce geographic disparities in organ transplantation, scrutinizing existing geographic disparities in kidney allocation (21) . Our study has some limitations. First, this study investigated geographic disparity from a DSA perspective. Future study may extend this analysis to study the effect of the variance on different patient blood types or subgroups. Second, overall graft survival has improved significantly Finally, the current study focuses only on two states (Tennessee, Florida). We have performed additional analyses (not shown) suggesting that preferred partnerships among a small number of DSAs in close geographic proximity across the nation can alleviate existing geographic disparities between DSAs, without loss in transplant volume or quality or loss of locally procured organs (22) .
Our study provides compelling evidence for supporting Statewide Sharing as a model to alleviate geographic allocation disparity. Small and incremental changes to the current kidney allocation system ought to be seriously considered as a means to reduce geographic allocation disparity between DSAs in the United States. Significantly different annual change of geographic disparity from baseline (P,0.05).
